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FOREWORD 

At  the  request  of  the  Industrial  commission  Mr.  Fred 
Schwarze,  electrical  engineer  of  the  Pfister  and  Vogel  Leather 
company,  Milwaukee,  has  prepared  this  bulletin  on  Shop 
Lighting.  During  the  past  three  years  the  Pfister  and  Vogel 
Leather  company  has  equipped  its  various  plants  with  an 
up-to-date  and  efficient  system  of  lighting,  and  as  electrical  en- 
gineer in  charge  of  this  work  Mr.  Schwarze  has  had  an  oppor- 
tunity to  work  out  in  a  practical  manner  the  various  problems 
which  will  be  found  in  the  average  industry. 

Mr.  Schwarze  was  a  member  of  the  committee  on  sanitation 
which  drafted  the  orders  on  shop  lighting  included  in  bulletin 
Vol.  2,  No.  1,  issued  under  date  of  January  20,  1913. 

The  commission  is  issuing  this  bulletin  because  of  the  wide- 
spread demand  for  reliable  information  which  has  been  found 
among  the  manufacturers.  Much  of  the  literature  on  the  sub- 
ject is  written  in  technical  language  and  seldom  finds  its  way 
to  the  manufacturer.  The  manufacturers  demand  informa- 
tion which  is  based  on  practical  experience,  and  which  is  form- 
ulated in  plain  shop  English.  The  commission  feels  that  Mr. 
Schwarze  has  met  this  need  in  a  most  able  manner  and  has  pre- 
pared a  bulletin  which  will  be  generally  appreciated  by  the 
manufacturers  and  will  help  them  to  work  out  their  problems. 

Prom  the  reports  which  the  commission  is  receiving  from  its 
deputies  in  the  field  it  is  evident  that  manufacturers  over  the 
state  are  waking  up  to  the  value  of  good  light  in  shops— not 
only  its  economic  value,  but  especially  its  value  in  preventing 
accidents,  Those  manufacturers  who  have  the  best  lighted 
shops  are  the  most  positive  in  their  recommendation  of  the 
practical  value  of  good  natural  and  artificial  light. 
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SHOP  LIGHTING 

By  Fred  Schwarze, 
BSectrical  Engineer— Pfister  &  Vogel  Leather  Company,  Milwaukee, 


IMTBODUCTION. 

The  Wisconsin  Industrial  commission  has  requested  me  to 
prepare  a  buUetin  on  shop  lighting  which  shall  be  non-tech- 
nical in  character,  and  shall  be  based  largely  on  my  own  ex- 
perience. In  complying  with  this  request,  I  shall  not  attempt 
to  prepare  an  exhaustive  treatise  on  lighl^but  rather  I  pro- 
pose to  give  a  brief  statement  of  the  experience  we  have  had 
in  installing  efficient  lighting  systems  in  the  various  plants  of 
the  Pfister  &  Vogel  Leather  company.  I  have,  however, 
checked  our  own  experience  with  that  of  other  manufacturers 
and  with  the  published  data  on  the  subject.  In  describing  the 
types  of  lamps  and  reflectors  for  the  various  installations  on 
pages  39  to  43  I  have  endeavored  to  give  specific  rather  than 
general  information — because  I  think  this  is  what  the  manu- 
facturers want.  But  in  making  these  definite  recommendations 
I  do  not  wish  to  be  understood  as  saying  that  there  may  not 
be  other  types  of  fixtures  and  units  which  are  equally  efficient— 
I  simply  mean  that  so  far  as  my  own  experience  and  observa- 
tion have  gone  I  have  found  these  types  to  be  the  most  efficient, 
economic  and  the  best  adapted  to  the  conditions  met;  in 
short,  I  am  not  attempting  to  write  an  exhaustive  text  on 
shop  illumination,  but  rather  to  prepare  a  simple  statement 
of  experience,  which  may  possibly  prove  suggestive  to  the 
manufacturers  and  their  electricians  in  working  out  their 
various  problems. 

Chapter  VI  will  be  of  special  interest  to  electricians  who 
are  responsible  for  installations.  In  this  chapter  we  include 
specific  recommendations  covering  types  of  lamps,  reflectors, 
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SHOP  LIGHTING 

By  Fred  Schwarze, 
Electrical  Engineer— Pfister  &  Vogel  leather  Company,  Milwaukee 


INTRODUCTION. 

The  Wisconsin  Industrial  commission  has  requested  me  to 
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pose to  give  a  brief  statement  of  the  experience  we  have  had 
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I  do  not  wish  to  be  understood  as  saying  that  there  may  not 
be  other  types  of  fixtures  and  units  which  are  equally  efficient— 
I  simply  mean  that  so  far  as  my  oAvn  experience  and  observa- 
tion have  gone  I  have  found  these  types  to  be  the  most  efficient, 
economic  and  the  best  adapted  to  the  conditions  met;  in 
short,  I  am  not  attempting  to  write  an  exhaustive  text  on 
shop  illumination,  but  rather  to  prepare  a  simple  statement 
of  experience,  whicli  may  possibly  prove  suggestive  to  the 
manufacturers  and  their  electricians  in  working  out  their 
various  problems. 

Chapter  VI  will  be  of  special  interest  to  electricians  who 
are  responsible  for  installations.  In  this  chapter  we  include 
specific  recommendations  covering  types  of  lamps,  reflectors, 
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spaeingy  height,  location  over  machines  and  benches,  and 

amount  of  light  required.  These  recommendations  cover  the 
following  departments  and  conditions: 

Shop  rooms  with  ceilings,  10  to  16  feet 

Foundries,  forge  shops  and  high  buildings 

Yards,  platforms,  etc. 

Individual  machines 

Benches 

Drafting  rooms 

Driveways  and  passageways  between  buildings 
Departments  where  there  are  vapors 
Stairways. 
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CHAPTER  L 

GOOD  LIGHT  SAVES  MONEY. 

During  the  past  five  years  manufacturers  over  the  country 
have  began  to  wake  np  to  the  ecouomie  value  of  good  light 
in  shops.  For  years  in  this  country,  we  have  been  manufac- 
turing in  the  dark.  The  average  installation  has  consisted 
of  a  few  little  glow-worms  of  lamps  hung  above  the  machines, 
which  furnished  practically  no  general  illumination.  In  many 
eases  these  lights  were  without  reflectors  and  therefore,  did 
not  even  light  the  machines  properly. 

The  manufacturers  who  have  done  the  most  in  shop  lighting 
are  the  most  enHiusiastic  in  their  recommendati<«s  of  light 
as  a  factor  of  economy.  Mr.  C,  L.  Eshleman,  in  a  paper  re- 
cently published  in  the  proceedings  of  the  American  Institute 
of  Electrical  Engineers,  makes  the  following  statement : — 

"Available  data  shows  that  an  efficient  lighting  system  in- 
creases the  output  from  2  per  cent  in  steel  mills  to  10  per  cent 
in  textile  mills  and  shoe  factories.  Two  hundred  and  fifty 
thousand  industrial  plants  in  the  United  States  have  an  annual 
output  of  $20,000,000,000.  To  be  ultrsrconservative,  we  will  say 
that  there  is  a  saving  of  only  2  per  cent  in  the  annual  output. 
This  means  a  saving  of  $400,000,000.  This  enormous  sum  repre- 
sents the  saving  on  actual  production  and  leaves  us  to  con- 
jecture what  the  saving  would  be  if  we  took  into  considera- 
tion the  improved  quality  of  output  and  the  saving  due  to 
decrease  in  accidents.  Deducting  the  first  cost  of  installation 
and  maintenance  there  is  still  left  an  almost  incredible 
amount. ' ' 

In  a  certain  steel  plant,  where  an  efficient  lighting 
iQnstem  was  installed,  the  output  at  night  was  increased  a  lit- 
tle over  10  per  cent.  In  order  to  determine  whether  this  was 
due  wholly  to  the  introduction  of  the  better  lighting  conditions 
the  lamps  were  taken  out  and  for  a  time  the  work  was  car- 
ried on  at  night  with  the  old  lighting  system.  It  was  found 
that  the  amount  of  work  dropped  off  over  10  per  cent.  Wheui 
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Chart  showlns  average  hours  per  day  of  sunshine,  cloudiness  and  dark- 
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Chart  showing  the  seasonal  distribution  for  three  successive  years  of 
about  700  deaths  annually  from  industrial  accidents  reported  from  an 
i^^rea  embracing  80,000  plants. 
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however,  the  work  was  resumed  under  the  improved  conditions 
the  men  were  able  again  to  produce  10  per  cent  more  work. 

Manufacturers  have  been  quick  to  appreciate  the  economic 
value  of  labor  saving  machinery  but  have  been  slow  to  see 
that  good  shop  lighting  greatly  increases  the  efficiency  of  both 
workmen  said  machines,  thereby  reducing  the  amount  of  de- 
fective work. 

In  view  of  the  fact  that  a  lifting  sjnsttem  is  in  use  only 
about  two  hours  each  day,  manufacturers  have  been  inclined 
to  look  upon  the  money  which  is  invested  in  a  good  lighting 
system  as  not  yielding  good  returns. 

Good  lighting  in  a  factory  should  be  looked  upon  as  a  tool- 
one  of  the  most  important  tools — ^because  it  adds  to  the  effi- 
ciency of  all  the  other  tools.  A  factory  is  a  great  machine 
through  which  a  vast  stream  of  materials  is  moving.  Tfaeae 
materials  are  hfmdled  by  many  hands  and  if  these  hands  are 
working  in  the  dark  it  is  evident  that  the  movement  of  the 
materials  must  be  impeded  and  consequent  loss  incurred.  We 
are  just  beginning  to  appreciate  the  effect  of  eye  fatigue  on 
the  workman,  impairing  his  health  and  comfort,  and  decreas- 
ing materially  his  efficiency.  We  have  hardly  begun  to  think 
about  the  psychological  effect  of  good  light.  There  is  no 
doubt  that  good  natural  and  artificial  light  make  for  alertness, 
cheerfulness  and  contentment — all  of  which  at  last  makes  for 
efficiency.  It  has  been  estimated  that  the  cost  of  good  arti- 
ficial lighting  for  two  hours  each  day  is  one  tenth  of  one 
per  cent  of  the  workmen's  wages.  This  cost  is  negligible  when 
compared  to  the  economies. 

The  value  of  light  for  safety  is  obvious.  A  number  of 
large  concerns  which  have  reduced  accidents  from  50  per  cent 
to  75  per  cent  testify  that  good  general  illumination  is  indis- 
pensable to  safety  in  shops.  It  has  recently  been  stated  by 
authorities  who  have  made  a  study  of  accidents  that  25  per 
cent  of  the  500,000  avoidable  accidents  which  occur  each  year 
in  the  United  States  are  caused  by  bad  lighting  conditions. 
On  page  7  are  given  two  charts  which  graphically  illustrate 
the  importance  of  light  for  safety.  The  one  chart  shows  the 
average  hours  per  day  of  sunshine,  cloudiness  and  darkness  in 
New  York  City  for  each  month  during  1911;  the  other  chart 
shows  the  seasonal  distribution  for  three  successive  years  of 
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to  75  per  cent  testify  that  good  general  illumination  is  indis- 
pensable to  safety  in  shops.  It  has  recently  been  stated  by 
authorities  who  have  made  a  study  of  accidents  that  25  per 
cent  of  the  500,000  avoidable  accidents  which  occur  each  year 
in  the  I'nited  States  are  caused  by  bad  lighting  conditions. 
On  page  7  are  given  two  charts  which  graphically  illustrate 
the  importance  of  light  for  safety.  The  one  chart  shows  the 
average  hours  per  day  of  sunshine,  cloudiness  and  darkness  in 
New  York  City  for  each  month  during  1911;  the  other  chart 
shows  the  seasonal  distribution  for  three  successive  years  of 
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about  700  deaths  annually  from  industrial  accidents  reported 
from  an  area  embracing  80,000  plants.  This  latter  chart  was 
compiled  by  Mr.  John  Calder,  one  of  the  best  authorities  on  ac- 
cidents. These  charts  tell  their  own  story,  and  leave  little  room 
for  doubt  that  good  light  is  indispensable  to  safety. 
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CHAFT££  U. 

TYPES  OF  LAMPS. 

In  selecting  the  type  of  lamp  for  a  given  installation  relia- 
bility of  service  and  the  cost  of  maintenance  should  be  the 
first  consideration. 

There  are  two  principal  types  of  electric  lamps  for  use  in 
factories  for  purposes  of  general  illumination;  incandescent 
lamps,  flaming  and  luminous  arc  lamps.  There  are  a  number 
of  makes  of  each  of  these  types  and  most  of  them  are  efficient. 

.My  own  experience  has  led  me  to  favor  for  general  illumin- 
ation, the  high  efficiency  incandescent  lamp,  which  is  known 
as  the  tungsten  lamp,  because  its  filament  is  made  of  tungsten 
metal.  This  is  the  type  of  lamp  which  has  been  adopted  as 
the  standard  for  all  installations  in  the  plants  of  the  Pfister  & 
Vogel  Leather  company.  The  tungsten  lamps  are  now  being 
widely  recognized  for  their  efficiency  and  many  of  the  large 
manufacturers  have  adopted  them  as  standards  in  making  new 
installations. 

The  marvelous  development  of  the  incandescent  lamp  and 
its  wide  use  and  adaptation  compared  with  a  few  years  ago, 
leads  me  to  believe  that  it  has  come  to  stay  and  that  further 
improvements  will  be  made  with  respect  to  increasing  its  effi- 
ciency and  durability. 

The  adaptability  of  present  type  reflectors  to  types  of  the 
incandescent  lamp  which  may  be  developed  and  placed  on  the 
market  later,  is  an  open  question,  but  undoubtedly  same  can 
be  adapted  to  a  greater  extent,  and  with  the  development  of  the 
lamp  will  follow  changes  in  the  design  of  reflectors  which  will 
meet  the  specific  needs. 

The  small  amount  of  maintenance  effort  required  to  oper- 
ate a  system  composed  of  incandescent  units  should  be  a  great 
factor  in  determining  the  selection  of  the  same. 

I  might  say  in  passing  that  for  insallations,  in  such  plants 
as  high-roofed  steel  works  and  foundries  where  there  are 
cranes  and  where  the  lamps  are  hung  at  a  height  of  over 
35  feet,  I  should  recommend  the  use  of  the  flaming  arc 
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lamp,  although  clusiers  of  tungsten  lamps  and .  large  unit 
tungstai  lamiw  have  been  instaUed  in  such  plants  and  have 
given  satisfactory  results. 
For  all  instaUatioiiH  at  a  height  less  than  40  feet  I  strongly 

favor  the  tungsten  lamps.  On  installations  above  this  height, 
where  the  tungsten  lamp  cannot  he  used,  the  flaming  arc 
lamp  is  recommended.  However,  the  new  type  of  tungsten  • 
lamp  which  has  just  been  put  on  the  market  should  fulfill  many 
requirements  whieh  heretofore  have  been  filled  by  the  flaming 
are  lamp.  These  lamps  are  at  present  being  made  in  sizes  and 
with  efficiencies,  life  ratings  and  prices  as  follows :  t 


Rated 
watts 

400 

750 

1000 


Approximate 

watts  per 
candle  power 

.80 

.70 
.65 


Approximate 
candle 
power 

600 

1070 

1530 


Average 
hours 
life 

1000 

1000 
1000 


Ldst 
prices 

16.00 

j  8.00 

(  6.50 
8.00 


Above  prices  subject  to  discounts  varying  jhrom  10  to  35  per 
cent,  depending  on  the  quantities  purchased. 

From  this  data  it  can  readily  be  seen  that  with  an  average 
effieieney  of  approximately  .7  watts  per  candle  pov^er^  and  a 
maximum  rating  of  1530  candle  power  the  new  type  of  tungsten 
lamp  should  adapt  itself  readily  to  conditions  as  outUned  in  pre- 
ceding paragraphs.  The  question  of  initial  cost,  maintenance, 
expense,  comparative  efficiency  and  adaptability  of  the  new 
type  of  tungsten  lamp  and  the  flaming  are  lamp  ean  be  readily 
determined  by  experiments  under  actual  conditions. 
.  Where  the  building  is  narrow  and  the  ceiling  is  high,  the 
tungsten  units  equipped  with  angular  reflectors  ean  be  used 
when  supported  by  brackets  attached  to  columns  or  walls. 
For  reflector  see  Figure  22,  page  43. 

The  ordinary  wire  drawn  tungsten  lamp  is  an  economical 
lamp,  consuming  from  1  to  ll^  watts  per  rated  mean  horizon- 
tal candle  power,  while  the  old  type  of  carbon  fllament  in- 
candescent lamp,  which  has  been  so  generally  used,  consumes 
from  3  1-10  to  3^/^  watts  per  candle  power.  The  Tungsten 
lamp  can  be  used  satisfactorily  with  220  volts  or  less. 

The  rated  life  of  the  tungsten  lamp  is  from  1000  to  1700 
hours,  but  it  has  been  found  from  experience  that  the  ac- 
tual life  of  the  60  watt  and  larger  lamps  exceeds  the  rated 


•At  present  commonly  called  the  nitrogen  tungsten  unit 
tPrices  subject  to  change. 
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lamp,  aithougli  clusters  of  timgsteu  lamps  and  large  unit 
tungsten  lamps  have  been  installed  in  such,  plants  and  have 
given  satisfactory  results. 
For  all  installations  at  a  height  less  than  40  feet  I  strongly 

favor  the  tungsten  lamps.  On  installations  above  this  height, 
where  the  tungsten  lamp  cannot  be  used,  the  flaming  arc 
lamp  is  recommended.  However,  the  new  type  of  tungsten  * 
lamp  which  has  just  been  put  on  the  market  should  fulfill  many 
requirements  which  heretofore  have  been  filled  by  the  flaming 
arc  lamp.  These  lamps  are  at  present  being  made  in  sizes  and 
with  efficiencies,  life  ratings  and  prices  as  ioilows :  t 


Bated 
watts 

400 

750 
1000 


Approximate 

watts  per 
candle  power 

.80 

.70 
.65 


Approximate 
candle 
power 

600 

1070 
1530 


Average 
hours 
life 

1000 

1000 
1000 


List 
prices 

15.00 
S  8.00 
>  6.50 
8.00 


Above  prices  subject  to  discounts  varying  from  10  to  35  per 
cent,  depending  on  the  quantities  purchased. 

From  this  data  it  can  readily  be  seen  that  with  an  average 
efficiency  of  approximately  .7  watts  per  candle  power,  and  a 
maximum  rating  of  1530  candle  power  the  new  type  of  tungsten 
lamp  should  adapt  itself  readily  to  conditions  as  outlined  in  pre- 
ceding paragraphs.  The  question  of  initial  cost,  maintenance, 
expense,  comparative  efficiency  and  adaptability  of  the  new 
type  of  tungsten  lamp  and  the  flaming  arc  lamp  can  be  readily 
determined  by  experiments  under  actual  conditions. 

Where  the  building  is  narrow  and  the  ceiling  is  high,  the 
tungsten  units  equipped  with  angular  reflectors  can  be  used 

when  supported  by  brackets  attached  to  columns  or  walls. 
For  reflector  see  Figure  22,  page  43. 

The  ordinary  wire  drawn  tungsten  lamp  is  an  economical 
lamp,  consuming  from  1  to  ll^  watts  per  rated  mean  horizon- 
tal candle  power,  while  the  old  type  of  carbon  filament  in- 
candescent lamp,  which  has  been  so  generally  used,  consumes 
from  3  1-10  to  3^  watts  per  candle  power.  The  Tungsten 
lamp  can  be  used  satisfactorily  with  220  volts  or  less. 

Tho  rated  life  of  the  tungsten  lamp  is  from  1000  to  1700 
hours,  but  it  has  been  found  from  experience  that  the  ac- 
tual life  of  the  60  watt  and  larger  lamps  exceeds  the  rated 

♦At  pres«*nt  c-ojiinionly  r-alled  the  nitrogen  tungsten  unit. 
^Prices  subject  to  change. 
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life.  The  first  tungsten  lamps,  made  fom'  or  five  years  ago, 
w£ire  fragile  and  for  this  reason  many  people  still  think  this 
lamp  is  not  suitable  for  factories.  The  new  type  of  tungsten 
lamp  is  made  with  a  drawn  wire  filament  and  is  strong  and 
durable.  Our  experienee  has  demonstrated  that  they  are 
suitable  for  any  condition  found  in  factories. 

Where  there  is  excessive  vibration,  which  is  rarely  f oondi 
we  have  found  it  advisable  to  loop  the  suspending  cord  and 


Pfiater  &  Vo&el  Tannery.    Tacking  Department.    General  lUumination. 

insert  a  coiled  spring  made  of  number  14  gauge,  brass  or  phos- 
phor bronze  wire,  as  a  shock  absorber. 

The  color  of  the  light  from  the  tungsten  lamp  closely  re- 
sembles sunlight,  and  is  pleasing  and  agreeable  to  the  eyes. 
It  gives  a  bright  and  cheerful  effect  to  a  room,  which  is  most 
desirable. 

An  important  point  regarding  the  tungsten  lamps  is  the 
fact  that  the  maximum  candle  power  is  in  a  horizontal  di- 
rection from  the  lamp, — being  about  six  and  one-half  times 
greater  than  the  light  thrown  downward.  This  fact  makes 
it  possible  to  so  design  reflectors  as  to  perfectly  control  the 
light  and  redirect  and  focus  it  on  the  working  plane,  or  give 
it  wide  distribution  over  a  given  floor  sp&ee. 


SHOP  LIGHTING 


16 


In  the  selection  of  lamps  it  is  important  that  the  voltage  of 
same  shall  correspond  as  nearly  as  possible  to  the  voltage  of 
the  circuits  on  which  the  lamps  are  to  be  used.  It  is  also  es- 
sential to  maintain  a  steady  voltage  on  lines  so  as  to  secure 
the  most  efficient  results  and  to  avoid  unnecessary  fluetatioiL 

The  tungsten  lamps  are  now  made  in  sizes  ranging  from  10 
watts  to  1000  watts,  thus  making  them  well  adapted  for  secur- 
ing a  good  distribution  of  light  for  various  conditions. 

The  approximate  coste  of  the  various  sizes  of  regular  tungsten 
lamps  mentioned  in  this  bulletin,  together  with  data  showing 
their  relative  efficiencies,  life  ratings  and  mean  horizontal 
candle  power  ratings  are  as  follows :  * 


Kated  watts. 

Watts  per  mean 
horizontal  candle 
power. 

Mean  horizon- 
tal candle  power. 

Average  hours 
of  life. 

Cost. 

20 

1.25 

1000 

$.35 

25 

1.17 

21.4 

1000 

.35 

40 

1.17 

34.2 

1000 

.35 

60 

1.12 

53.6 

1000 

.45 

100 

1.08 

92.6 

1000 

.80 

150 

1.03 

146. 

1000 

1.20 

250 

1.00 

250. 

1000  • 

2.00 

400 

1.00  . 

400. 

1000 

3.60 

1.00 

1000 

4.00 

The  above  prices  are  the  list  prices  in  effect  July  1,  1913, 
and  are  subject  to  discounts  varying  from  10  to  35  per  cent, 
depending  upon  the  quantities  purchased. 

The  mean  horizontal  candle  power  ratings  referred  to  in 
the  above  table  are  the  candle  power  ratings  used  in  this  bul- 
letin in  defining  the  amount  of  light  necessary  for  various 
purposes. 

The  approximate  cost  of  the  various  sizes  of  tungstens  men- 
tioned in  this  bulletin  is  as  follows : 


25  watt   ^ 

40  "   30 

60  "   ^0 

100  *'   ''^ 

150  "   

250  "    1*^^ 

400  "   •   3-10 

500  "    3.60 


•Prices  subject  to  cbangre. 
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life.  The  first  tungsten  lamps,  made  four  or  live  years  ago, 
were  fragile  and  for  this  reason  many  people  still  think  this 
lamp  is  not  suitable  for  factories.  'J'lie  new  ty\)v  ol*  tunysim 
lamp  is  made  with  a  drawn  wire  filament  and  is  strong  and 
durable.  Our  experience  has  demonstrated  that  they  are 
suitable  for  any  condition  found  in  factories. 

Where  there  is  excessive  vibration,  which  is  rarely  found, 
we  have  found  it  advisable  to  loop  the  suspending  cord  and 
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insert  a  coiled  spring  made  of  number  14  gauge,  brass  or  phos- 
phor bronze  wire,  as  a  shock  absorber. 

Tbe  color  (»f  the  light  from  the  tungsten  lamp  closely  re- 
sembles sunlight,  and  is  pleasing  and  agreeable  to  the  eyes. 
It  gives  a  bright  and  cheerful  effect  to  a  room,  which  is  most 
desirable. 

An  important  point  regarding  the  tungsten  lamps  is  the 

fact  that  the  maximum  candle  power  is  in  a  horizontal  di- 
rection from  the  lamp, — being  about  six  and  one-half  times 
greater  than  the  light  throAvn  downward.  This  fact  makes 
it  possible  to  so  design  reflectors  as  to  perfectly  control  the 
light  and  redirect  and  focus  it  on  the  working  plane,  or  give 
it  wide  distribution  over  a  given  floor  space. 
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In  the  selection  of  lamps  it  is  important  that  the  voltage  of 
same  shall  correspond  as  nearly  as  possible  to  the  voltage  of 
the  circuits  on  which  the  lamps  are  to  be  used.  It  is  also  es- 
sential to  maintain  a  steady  voltage  on  lines  so  as  to  secure 
the  most  efficient  results  and  to  avoid  unnecessary  fluctation. 

The  tungsten  lamps  are  now  made  in  sizes  ranging  from  10 
watts  to  1000  watts,  thus  making  them  well  adapted  for  secur- 
ing a  good  distribution  of  light  for  various  eonditioiis. 

The  approximate  costs  of  the  various  sizes  of  regular  tungsten 
lamps  mentioned  in  this  bulletin,  together  with  data  showing 
their  relative  efficiencies,  life  ratings  and  mean  horizontal 
candle  powder  ratings  are  as  follows :  * 


Rated  watts. 

Watts  por  mean 
horizontal  candle 
power. 

Mean  horizon- 
tal candle  power. 

Average  hours 
of  life. 

Cost. 

20 

1.25 

1000 

$.:?5 

25 

1.17 

21.4 

1000 

.35 

40 

1.17 

R4.2 

1000 

.',{5 

60 

1.12 

.o:!.<; 

1000 

.45 

100 

1  .OS 

S»2.0 

1000 

.80 

150 

1 .  o:{ 

146. 

1000 

1.20 

250 

1 .00 

250. 

1000 

2.00 

400 

1.00 

400. 

1000 

3.60 

500 

1.00 

500. 

1000 

4.00 

The  above  prices  are  the  list  prices  iu  effect  July  1,  1913, 
and  are  subject  to  discounts  varying  from  10  to  35  per  cent, 
depending  upon  the  quantities  purchased. 

The  mean  horizontal  candle  power  ratings  refeiied  to  in 
the  above  table  are  the  candle  power  ratings  used  in  this  bul- 
letin in  defining  the  amount  of  light  necessary  for  various 
purposes. 

The  approximate  cost  of  the  various  sizes  of  tungstens  men- 
tioned in  this  bulletin  is  as  follows : 


25  watt   ^ 

40  "   ^0 

60  "   *0 

100  "   '^^ 

150  "   

250  "    l-"^^ 

400  "    3.10 

500  "    3.60 


♦I'ricos  subject  to  clumge. 
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When  possible,  it  is  advisable  and  more  economical,  to  in- 
stall gmgle  units  tiian  clusters.  For  instance,  one  400  watt 
lamp  will  emit  12  per  cent  more  light  than  four  100  watt 
lami>Sy  and  the  light  which  reaches  the  working  plane  is  in- 
creased much  more  than  12  per  cent.  It  is  possible  to  secure 
a  more  even  distribution  of  light  by  the  use  of  a  reflector  on  a 
single  lamp  tiian  on  a  cluster  of  lamps.  On  pages  32  to  38,  1 
have  specified  the  size  of  lamps  which  I  have  found  most  effi- 
cient and  economical  for  various  departments  and  conditions. 

On  machines  and  benches  where  a  light  is  not  suspended 
on  a  cord  but  is  attached  to  a  bracket,  it  has  been  found  prac- 
tical to  use  tungsten  lamps,  when  ordinary  care  is  exercised 
and  the  vibration  is  not  too  heavy.  The  40  watt  tungsten 
unit  has  proven  more  satisfactory  because  the  filament  of  the 
smaller  sized  units  is  more  fragile. 

There  has  been  placed  on  the  market  what  is  known  as  a 
metallized  carbon  filament  incandescent  lamp.  This  lamp  is 
more  efficient  than  the  old  type  of  carbon  lamp,  using  only 
watts  per  candle  power,  while  the  old  lamps  use  from  3^4 
to  4  watts.  We  would  recommend  this  lamp  for  ordinary  in- 
stallations where  tungsten  lamps  cannot  be  used,  either  from 
tiie  standpoint  of  initial  cost  or  where  a  jarring  or  vibration 
is  harmful  to  such.  Under  such  conditions  it  has  been  found 
necessary  to  use  the  ordinary  double  oval  anchored  carbon 
filament  lamp.  The  metalized  filament  is  not  as  strong  as  the 
carbon.  It  has  been  demonstrated  that  the  ordmary  16  candle 
power  carbon  lamp  will  give  ample  light  for  individual  machine 
service.  It  is,  however,  recommended  that  the  tungsten  units 
be  adopted  wherever  feasible,  as  the  increased  life  of  same 
over  the  carbon  or  metallized  filament  unit  is  worth  consid- 
ering in  addition  to  the  increased  efficiency  and  light  of  better 
color  value. 


SHOP  LIGHTING 


17 


Pfister  &  Vogel  Tannery.    Finishing  Department.    General  IHumlna 

tion,    %  rated  c.  p.  per  sq.  floor  ft. 


16  INDUSTRIAL  COMMISSION  OP  WISCONSIN 


When  possible,  it  is  advisable  and  more  eeonomicaly  to  in- 
stall single  nnits  than  clusters.  1^'or  instance,  one  400  watt 
lamp  will  emit  12  per  cent  more  light  than  four  100  watt 
lamps,  and  the  light  which  reaches  the  working  plane  is  in- 
creased much  more  than  12  per  cent.  It  is  possible  to  secure 
a  more  even  distribution  of  light  by  the  use  of  a  reflector  on  a 
single  lamp  than  on  a  cluster  of  lamps.  On  pages  32  to  38,  1 
have  specified  the  size  of  lamps  which  I  have  found  most  efti- 
dent  and  econonucal  for  various  departments  and  conditions. 

On  machines  and  benches  where  a  light  is  not  suspended 
on  a  cord  but  is  attached  to  a  bracket,  it  has  been  found  prac- 
tical to  use  tungsten  lamps,  when  ordinary  care  is  exercised 
and  the  vibration  is  not  too  heavy.  The  40  watt  tungsten 
imit  has  proven  more  satisfactory  because  the  filament  of  the 
smaller  sized  units  is  more  fragile. 

There  has  been  placed  on  the  market  what  is  known  as  a 
metallized  carbon  filament  incandescent  lamp.  This  lamp  is 
more  efficient  than  the  old  type  of  carbon  lamp,  using  only 
2^  watts  per  candle  power,  while  the  old  lamps  use  from  3^4 
to  4  watts.  We  would  recommend  this  lamp  for  ordinary  in- 
stallations  where  tungsten  lamps  cannot  be  used,  either  from 
the  standpoint  of  initial  cost  or  where  a  jarring  or  vibration 
is  harmful  to  such.  Under  such  conditions  it  has  been  found 
necessary  to  use  the  ordinary  double  oval  anchored  carbon 
filament  lamp.  The  metalized  filament  is  not  as  strong  as  the 
carbon.  It  has  been  demonstrated  that  the  ordinary  16  candle 
power  carbon  lamp  will  give  ample  light  for  individual  machine 
service.  It  is,  however,  recommended  that  the  tungsten  nnits 
be  adopted  wherever  feasible,  as  the  increased  life  of  same 
over  the  earbon  or  metallized  filament  unit  is  worth  consid- 
ering in  addition  to  the  increased  efficiency  and  light  of  better 
color  value. 
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CHAPTER  m. 

KilELECXOBS. 

In  equipping  a  plant  with  tungsten  lamps  one  of  the  in- 
dispensable things  is  to  provide  properly  designed  reflectors. 
The  importanee  of  this  point  was  indicated  in  the  last  chap- 
ter where  the  statement  was  made  that  six  and  one-half  times 
as  much  light  is  thrown  horizontally  from  a  timgsten  lamp  as 
is  thrown  downward.  I  think  it  is  conservative  to  say  that  a 
properly  designed  reflector  will  add  from  35  to  50  per  cent 
to  the  efficient  use  of  a  tungst^  lamp. 

There  are  two  principal  types  of  reflectors — the  commercial 
and  the  industrial  The  commercial  is  usually  made  of  some 
transparent  or  translucent  material,  and  is  deidgned  to  illu- 
inate  the  ceiling  as  w^ell  as  the  walls  and  floors.  This  type 
is  used  extensively  in  stores,  exhihit  rooms,  etc. 

With  the  industrial  type  of  reflector  the  one  essential  re- 
quirement is  to  concentrate  the  light,  and  evenly  distribute  it 
over  the  working  plane,  which  is  from  3  to  6  feet  above  the 
floor,  and  to  allow  the  minimum  amount  of  light  to  be  wasted 
on  the  ceiling. 

Reflectors  for  factories  should  be  made  of  some  strong  ma- 
terial which  will  not  corrode,  which  cannot  be  effected  by  the 
gas  and  smoke,  and  which  can  be  easily  cleaned.  My  exper* 
ience  has  demonstrated  that  reflectors  made  of  white  porce- 
lain enameled  steel  fulfill  these  requirements  better  than  any 
other.  Practically  all  of  the  most  efficient  reflectors  now  sold 
on  the  market  for  factories  are  made  of  porcelain  enameled 
steel.  On  pages  39  to  43  we  show  a  number  of  cuts  of  re- 
flectors  and  specify  the  types  which  we  have  found  to  be  best 
suited  for  various  departments  and  conditions.  All  of  these 
are  made  of  white  porcelain  enameled  steel.  The  general  de- 
sign of  reflector  recommended  is  of  the  bowl  shaped  type. 
We  have  found  this  design  to  be  the  most  efficient,  especially 
for  general  illumination.  It  properly  concentrates  and  distrib- 
utes the  light  upon  the  working  plane.  A  number  of  manu- 
facturers who  have  installed  tungsten  lamps  have  made  the 
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CHAPTER  lU. 

BEFLECTOES. 

In  equipping  a  plant  with  tungsten  lamps  one  of  the  in- 
dispensable things  is  to  provide  properly  designed  reflectors. 
The  importance  of  this  point  was  indicated  in  the  last  chap- 
ter where  the  statement  was  made  that  six  and  one-half  times 
as  much  light  is  thrown  horizontally  from  a  timgsten  lamp  as 
is  thrown  downward.  I  think  it  is  conservative  to  say  that  a 
properly  designed  reflector  will  add  from  35  to  50  per  cent 
to  the  efficient  use  of  a  tungsten  lamp. 

There  are  two  principal  types  of  reflectors — the  commercial 
and  the  industrial.  The  commercial  is  usually  made  of  some 
transparent  or  translucent  material,  and  is  designed  to  illu- 
inate  the  ceiling  as  well  as  the  walls  and  floors.  This  type 
is  used  extensively  in  stores^  exhibit  rooms,  etc. 

With  the  industrial  type  of  reflector  the  one  essential  re- 
quirement is  to  concentrate  the  light,  and  evenly  distribute  it 
over  the  working  plane,  which  is  from  3  to  6  feet  above  the 
floor,  and  to  allow  the  minimum  amount  of  light  to  be  wasted 
on  the  ceiling. 

Reflectors  for  factories  should  be  made  of  some  strong  ma- 
terial which  will  not  corrode,  which  cannot  be  effected  by  the 
gas  and  smoke,  and  which  can  be  easily  cleaned.  My  exper- 
ience has  demonstrated  that  reflectors  made  of  white  porce- 
lain enameled  steel  fulfill  these  requirements  better  than  any 
otiier.  Practically  all  of  the  most  eflficient  reflectors  now  sold 
on  the  market  for  factories  are  made  of  porcelain  enameled 
steel.  On  pages  39  to  43  we  show  a  number  of  cuts  of  re- 
flectors  and  specify  the  types  which  we  have  found  to  be  best 
suited  for  various  departments  and  conditions.  All  of  these 
are  made  of  white  porcelain  enameled  steel.  The  general  de- 
sign of  reflector  recommended  is  of  the  bowl  shaped  type. 
We  have  found  this  design  to  be  the  most  efficient,  especially 
for  general  illumination.  It  properly  concentrates  and  distrib- 
utes the  light  upon  the  working  plane.  A  number  of  manu- 
facturers who  have  installed  tungsten  lamps  have  made  the 
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mistake  of  equipping  them  with  flat  disk-like  reflectors  with 
tile  result  that  about  50  per  cent  of  the  light  is  wasted  above 
the  plane  where  the  men  are  working.  In  the  factories  of  Wis- 
c<»asin  it  is  probably  trae  that  75  per  cent  of  the  departments 
to  be  lighted  include  rooms  in  which  the  ceilings  are  from  10 
to  16  feet  in  height,  and  wher^  there  is  no  gas  or  smoke  to  ob* 
struct  the  light.  To  light  these  rooms  properly  is  the  prob- 
lem in  which  most  manufacturers  are  particularly  interested. 
On  pages  39  to  40  we  show  4  cuts  of  reflectors — ^Figures  3,  4,  6 
and  8.  These  reflectors  are  of  the  bowl  type  and  are  about 
equal  in  efficiency  for  installation  in  rooms  as  indicated  above. 
The  deeper  bowl  iypes  of  reflectors  have  one  advantage  over 
the  others;  when  hung  10  feet  from  the  floor,  which  is  the 
ayerage  height  for  100  watt  units,  the  lamp  is  practically  hid- 
den from  the  eyes  of  the  men  who  are  working  in  the  room, 
thus  avoiding  the  glare  of  the  light. 

For  departments  such  as  foundries  and  forgeshops,  where 
there  is  gas  and  smoke  and  where  large  unit  lamps  are  hung 
at  a  height  of  20  feet  or  more,  the  Iypes  of  reflector  shown  in 
figures  5  and  7  are  recommended. 

On  pages  41  and  42,  Figures  11,  12,  13,  14,  15  and  16,  are 
shown  reflectors  for  machines  and  benches.  These  are  scientifi- 
cally designed  for  efficiency  and  the  different  forms  and  angles 
make  them  well  adapted  to  the  different  positions  in  which  the 
lights  must  be  placed. 

It  is  exceedingly  important  in  lighting  machines  and  benches 
that  the  lamp  be  so  hung  or  attached  that  it  will  be  held  firmly 
in  position  and  the  light  will  be  hidden  from  the  eyes  of  the 
operator. 

The' bright  spot  of  light  from  the  individual  lamp  on  a  ma- 
chine, when  the  general  illumination  of  department  is  not 
good,  often  causes  eye  strain  beeause  the  eye  is  continually 
shifting  from  the  light  spot  to  the  dark  area.  Proper  gen- 
eral illumination  of  the  department  largely  eliminates  this 
tftrain.  A  glaring  light  not  only  causes  eye  fatigue  but  re- 
duces the  ability  of  the  eye  to  perceive  any  illuminated  ob- 
jects. Alternate  mcrease  and  decrease  of  intensity  of  light 
as  well  as  flickering  of  lamps  cause  eye  fatigue  and  should  be 
avoided. 

Many  times  it  is  not  possible  to  properly  adjust  positions  of 
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mistake  of  equipping  them  with  flat  disk-like  reflectors  with 

the  result  that  about  50  per  cent  of  the  light  is  wasted  above 
the  plane  where  the  men  are  working.  In  the  factories  of  Wis- 
consin it  is  probably  true  that  75  per  cent  of  the  departments 
to  be  lighted  include  rooms  in  which  the  ceilings  are  from  10 
to  16  feet  in  height,  and  wher^  there  is  no  gas  or  smoke  to  ob- 
struct  the  light.  To  light  these  rooms  properly  is  the  prob- 
lem in  which  most  manufacturers  are  particularly  interested. 
On  pages  39  to  40  we  show  4  cuts  of  reflectors — Figures  3,  4,  6 
and  8.  These  reflectors  are  of  the  bowl  type  and  are  about 
equal  in  efficiency  for  installation  in  rooms  as  indicated  above. 
The  deeper  bowl  types  of  reflectors  have  one  advantage  over 
the  others;  when  hung  10  feet  from  the  floor,  which  is  the 
average  height  for  100  watt  units,  the  lamp  is  practically  hid- 
den from  the  eyes  of  the  men  who  are  working  in  the  room, 
thus  avoiding  the  glare  of  the  light. 

For  departments  such  as  foundries  and  forgeshops,  where 
there  is  gas  and  smoke  and  where  large  unit  lamps  are  hung 
at  a  height  of  20  feet  or  more,  the  types  of  reflector  shown  in 
figures  5  and  7  are  recommended. 

On  pages  41  and  42,  Figures  11,  12,  13,  14,  15  and  16,  are 
shown  reflectors  for  machines  and  benches.  These  are  scientifi- 
cally designed  for  efficiency  and  the  different  forms  and  angles 
make  them  well  adapted  to  the  different  positions  in  which  the 
lights  must  be  placed. 

It  is  exceedingly  important  in  lighting  machines  and  benches 
that  the  lamp  be  so  hung  or  attached  that  it  will  be  held  firmly 
in  position  and  the  light  will  be  hidden  from  the  eyes  of  the 
operator. 

The  bright  spot  of  light  from  the  individual  lamp  on  a  ma- 
chine, when  the  general  illumination  of  department  is  not 
good,  often  causes  eye  strain  because  the  eye  is  continually 
shifting  from  the  light  spot  to  the  dark  area.  Proper  gen- 
eral illumination  of  the  department  largely  eliminates  this 
strain.  A  glaring  light  not  only  causes  eye  fatigue  but  re- 
duces the  ability  of  the  eye  to  perceive  any  illuminated  ob- 
jects. Alternate  increase  and  decrease  of  intensity  of  light 
as  well  as  flickering  of  lamps  cause  eye  fatigue  and  should  be 
avoided. 

Many  times  it  is  not  possible  to  properly  adjust  positions  of 
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laiiq>8,  ete.,  by  suspending  the  lamp  on  a  cord.  In  sueh  casei  a 

bracket  such  as  as  shown  in  Figures  18  and  19,  pages  42  and  43, 
equipped  with  reflectors  similar  to  Figures  11, 12, 13, 14  and  15, 
should  be  used.  Brackets  similar  to  these  can  be  purchased  or 
can  be  easily  made  in  the  shop.  These  brackets  not  only  hold 
the  lamp  firmly,  but  enable  the  operator  to  adjust  it  for  differ- 
ent operations.  This  use  of  brackets  protects  the  lamp  and  re- 
duces largely  the  cost  of  breakage. 

All  reflectors  should  be  kept  clean.  A  clean  reflector  is  25 
per  cent  to  50  per  cent  more  efficient  than  one  which  is  covered 
with  dust  and  smoke.  One  man  should  be  made  responsible 
for  the  cleaning  of  reflectors  and  lamps  used  for  general  il- 
lumination. These  should  be  cleaned  at  least  once  a  month  if 
necessary,  and  oftener  in  departments  where  there  is  dust,  gas 
or  smoke.  Workmen  should  be  required  to  keep  the  reflec- 
tors clean  on  their  machines  and  benches.  The  inspector 
sAiould  also  see  that  all  sockets  are  equipped  with  lamps  and 
the  lamps  are  in  good  condition. 
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lamps,  etCy  by  suspending  the  lamp  on  a  cord.  In  sucli  cases  a 
bracket  such  as  as  shown  in  Figures  18  and  19,  pages  42  and  43, 
equipped  with  reflectors  similar  to  Figures  11, 12, 13, 14  and  15, 
should  be  used.  Brackets  similar  to  these  can  be  purchased  or 
can  be  easily  made  in  the  shop.  These  brackets  not  only  hold 
the  lamp  firmly,  but  enable  the  operator  to  adjust  it  for  differ- 
ent operations.  This  use  of  brackets  protects  the  lamp  and  re- 
duces largely  the  cost  of  breakage. 

All  reflectors  should  be  kept  clean.  A  clean  reflector  is  25 
per  cent  to  50  per  cent  more  efficient  than  one  which  is  covered 
with  dust  and  smoke.  One  man  should  be  made  responsible 
for  the  cleaning  of  reflectors  and  lamps  used  for  gener^  il- 
lumination. These  should  be  cleaned  at  least  once  a  month  if 
necessary,  and  oftener  in  departments  where  there  is  dust,  gas 
or  smoke.  Workmen  should  be  required  to  keep  the  reflec- 
tors clean  on  their  machines  and  benches.  The  inspector 
should  also  see  that  all  sockets  are  equipped  with  lamps  and 
the  lamps  are  in  good  condition. 
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CHAPTER  tV. 

AMOUNT  OF  LIGHT  FOR  VARIOUS  DEPARTMENTS  AND 

GONDmONa. 

Tlie  orders  of  the  Industrial  commission  issued  under  date 
of  January  20,  1913,  reprinted  on  pages  46  and  48,  specify  that 
"places  of  employment,  in  which  hand  or  machine  operations 
are  performed,  must  be  supplied  during  working  hours,  when 
daylight  is  not  available,  with  artificial  light  equivalent  in 
amount,  for  each  4  square  feet  of  floor  space,  to  not  less  than 
the  light  produced  by  a  one  candle  power  lamp  hung  10  feet 
from  the  floor." 

I  was  a  member  of  the  committee  which  drafted  these  or- 
ders on  light  and  in  working  out  this  standard  we  considered 
the  experience  of  a  number  of  large  companies,  including  the 
latematioiial  Harvester  corporati(»i,  and  the  Pfister  &  Vogel 
Leather  company,  which  have  adopted  this  as  a  minimum 
standard.  During  the  last  three  years  these  companies  have 
made  extendve  installations  after  this  standard  and  have 
found  it  economical  and  satisfactory  in  all  departments  where 
dtose  work  is  not  done,  but  where  the  rougher  hand  and  ma- 
chine operations  are  performed,  such  as  are  found  in  the  ma- 
jority of  metal  and  wood  working  plants  in  Wisconsin.  This 
standard  is  as  low  a  minimum  as  can  be  safely  adopted  to  se- 
cure results  both  from  the  standpoint  of  safety  as  well  as  effi- 
ciency. A  number  of  companies  have  adopted  a  higher  stand- 
ard. In  factories  where  this  standard  has  been  adopted  it 
has  been  found  unnecessary  to  use  individual  lights  except  on 
machines  or  benches  where  fine  work  is  being  done ;  this  means 
a  convenience  as  well  as  an  economy. 

In  departments  in  which  work  on  fine  machines  or  hand  work 
is  being  done,  no  arbitrary  rule  can  be  laid  down.  The  amount 
of  light  must  be  adapted  to  the  work  so  as  to  avoid  eye  strain, 
and  to  enable  the  men  to  work  with  accuracy.  Two  methods 
have  been  adopted  for  lighting  such  departments — general  il- 
lumination—and both  general  and  individual  lighting.  "Where 
g^eral  illumination  alone  is  used  a  standard  of  one  half  to  one 
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CHAPTER  IV. 

AMOUNT  OF  LIGHT  FOR  VARIOUS  DEPARTMENTS  AND 

CONDITIONS. 

The  orders  of  the  Industrial  coiuiuission  issued  under  date 
of  January  20,  1913,  reprinted  on  pages  46  and  -kS,  specify  that 
"places  of  employment,  in  which  hand  or  machine  operations 
are  performed,  must  be  supplied  during  working  hours,  when 
daylight  is  not  available,  with  artificial  light  equivalent  in 
amount,  for  each  4  square  feet  of  floor  space,  to  not  less  than 
the  light  produced  by  a  one  candle  power  lamp  hung  10  feet 
from  the  floor." 

I  was  a  member  of  the  committee  which  drafted  these  or- 
ders on  light  and  in  working  out  this  standard  we  considered 
the  experience  of  a  number  of  large  companies,  including  the 
International  Harvester  corporation,  and  the  Ptister  &  Vogel 
Leather  company,  which  have  adopted  this  as  a  minim^um 
standard.  During  the  last  three  years  these  companies  have 
made  extensive  installations  after  this  standard  and  have 
found  it  economical  and  satisfactory  in  all  departments  where 
close  work  is  not  done,  but  where  the  rougher  hand  and  ma- 
chine operations  are  performed,  such  as  are  found  in  the  ma- 
jority of  metal  and  wood  working  plants  in  "Wisconsin.  This 
standard  is  as  low  a  minimum  as  can  be  safely  adopted  to  se- 
cure results  both  from  the  standpoint  of  safety  as  well  as  effi- 
ciency. A  number  of  companies  have  adopted  a  higher  stand- 
ard. In  factories  where  this  standfurd  has  been  adopted  it 
has  been  fouml  unnecessary  to  use  individual  lights  except  on 
machines  or  benches  where  fine  work  is  being  done ;  this  means 
a  convenience  as  well  as  an  economy. 

In  departments  in  which  work  on  fine  machines  or  hand  work 
is  being  done,  no  arbitrary  rule  can  be  laid  down.  The  amount 
of  light  must  be  adapted  to  the  work  so  as  to  avoid  eye  strain, 
and  to  enable  the  men  to  work  with  accuracy.  Two  methods 
have  been  adopted  for  lighting  such  departments — general  il- 
lumination— and  hotli  general  and  individual  lighting.  Where 
general  illumination  alone  is  used  a  standard  of  one  half  to  one 
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candle  power  per  square  floor  foot  k  often  used.  Wli^e  both 

general  and  individual  lighting  is  used,  the  standard  of  one- 
quarter  candle  power  may  be  safely  adopted  for  the  general 
illumination,  and  the  light  for  individual  machines  and 
benches  can  be  adapted  to  the  needs. 

The  orders  of  the  Industrial  commission  require  in  found* 
ries  and  forge  shops  light  equivalent  to  one-quarter  candle 
power  per  square  floor  foot.  In  order  to  supply  this  it  is 
necessary  to  furnish  about  one-half  candle  power  per  square 


J.  I.  Case  Threshing  Machine  Co.    Machine  Shop.  General  iUumination. 
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floor  foot,  on  account  of  the  obstruction  of  the  smoke  and  gas. 
This  has  been  found  to  be  a  practical  standard  for  foundries. 

In  warehouses,  vat  houses  and  storage  places,  a  standard  of 
one-eighth  candle  power  per  square  floor  foot  has  been  found 
adequate. 

The  problem  of  equipping  machines,  benches  and  tables 
where  close,  exact  work  is  being  done  with  proper  light  is  most 
important,  and  is  one  which  has  been  grossly  neglected  in  the 
past.  In  many  factories  can  be  fomid  men  working  on  lathes 
and  punehpresses,  with  a  little  glow  worm  of  a  lamp  huig- 
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ing  beside  the  machine.  Miuiy  times  the  globe  of  the  lamp  is 
dirty  and  there  is  no  reflector.  The  light  is  not  properly  ad- 
justed to  reach  the  tool,  but  rather  glares  in  the  eyes  of  the 
operator  and  blinds  him.  This  is  bad  eeonomy  and  results  in 
inefficient  work,  and  often  in  injury  to  the  operator's  eyes. 

The  size  of  lamp  best  adapted  for  individual  machine  and 
bench  lighting  is  the  16  candle  power  carbon  lamp  and  the  40 
watt  tungsten  unit.  Smaller  units  are  sometimes  used  with 
good  results,  but  generally  speaking  the  16  candle  power  car- 
bon lamp  will  give  ample  light  and  is  the  proper  standard. 
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candle  power  per  square  floor  foot  is  often  used.   Where  both 

»i:eiieral  and  iudividual  lighting  is  used,  the  stiindard  of  one- 
quarter  caudle  power  may  be  safely  adopted  for  the  general 
illuininatiou,  and  the  light  for  individual  machines  and 
boiiehes  cau  be  adapted  to  the  needs. 

The  orders  of  the  Industrial  commission  require  in  found- 
ries and  forge  sliops  light  e(iuivalent  to  one-quarter  eaudle 
power  per  square  floor  foot.  In  order  to  supply  this  it  is 
necessary  to  furnish  about  one-half  candle  power  per  square 


J.   I.  Oiise  Thrtsliini;  Machiiu-  Co.    Machine  Shop.  General  iUuminalion. 
Individual  machine  lights  required,    %  rated  c.  p.  per  sq.  floor  ft. 


floor  foot,  on  aeeouiit  of  the  obslrneiion  of  the  snioke  <md  gajs. 
This  has  been  found  to  be  a  practical  standard  for  foundries. 

T?)  warehouses,  vat  houses  and  storage  places,  a  standard  of 
one-eighth  candle  power  per  square  floor  foot  has  been  found 
adequate. 

The  problem  of  eiiuippiny  niachines.  bcnelics  and  tal)les 
where  close,  exact  work  is  being  done  with  proper  liglit  is  most 
important,  and  is  one  which  has  been  grossly  neglected  in  the 
past.  In  many  factories  can  be  found  men  working  on  lathes 
and  punchpresses,  with  a  little  glow  worm  of  a  lamp  hang- 
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ing  beside  the  machine.  Many  times  the  globe  of  the  lamp  is 
dirty  and  there  is  no  reflector.  The  light  is  not  properly  ad- 
justed to  reach  the  tnol,  but  rather  ghires  in  the  eyes  of  the 
operator  and  blinds  him.  This  is  bad  economy  and  results  in 
ineflieient  work,  and  often  in  injury  to  the  operator's  eyes. 

The  size  of  lamp  best  adapted  for  individual  maeliine  and 
bench  lighting  is  the  16  candle  power  carbon  lamp  and  the  40 
watt  tungsten  unit.  Smaller  units  ai'c  sometimes  used  wiili 
good  results,  but  generally  speaking  the  16  candle  power  car- 
boii  bimi»  will  give  ample  light  and  is  the  proper  standard. 
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CHAPTER  V. 

SUGGESTIONS  FOE  INSTALLATION. 

In  installing  lighting  systems  the  standardB  regardiiig  ^re 
protection  of  the  National  Board  of  Underwriters  should  be 
strictly  adhered  to.  These  standards  aUow  for  two  types  oi 
installation— the  metal  conduit  and  the  open  insulated  type 
with  knobs  and  tabes.  The  metal  conduit  instaUation  costs 
about  50  per  cent  more  than  the  insulated  open  knob  and  tube 
type  of  installation.  The  Board  of  Underwriters  does  not 
allow  the  open  type  wiring  to  be  used  in  basements,  on  brick 
or  stone  walls,  or  under  conditions  where  deterioration  is  rapid. 

In  the  Pfister  &  Vogel  Leather  company  plants  we  are  using 
the  metal  conduit  for  all  new  installations  and  believe  it  is  the 
best  for  the  following  four  reasons : 

1.  It  is  more  dnraUe. 

2.  It  is  fire-proof. 

3.  The  conductors  are  protected  against  abrasions  and  de- 
terioration. 

4  It  cannot  be  easily  tampered  with. 
If  insulated  cord  is  used  for  pendants  to  suspend  reflectors 
I  should  recommend  No.  18  Packinghouse  cord  of  not  less  tiian 
15  strands  for  all  lamps  of  150  watts  or  less ;  for  lamps  above 
150  watts,  No.  16  or  14  Packinghouse  cord  should  be  used,  de- 
pending on  the  size  of  lamp  and  length  of  cord. 

All  fuses  should  be  of  the  enclosed  type,  and  these  together 
with  switches  and  other  exposed  current  carrying  parts  should 
be  encased  in  metal  fireproof  boxes.  This  is  now  common  prac- 
tice with  many  manufacturers.  In  installing  lighting  systems 
in  departments  such  as  warehouses,  vathouses  and  other  de- 
partm«ite  where  it  is  often  desirable  to  use  at  one  time  the 
fights  along  one  aisle,  or  in  one  section  of  the  room,  we  ha^e 
found  it  is  economical  to  install  circuit  snap  switches  at  con- 
venient  points.    In  Figure  1  on  page  38,  is  shown  a  good 
type  of  snap  switch  which  is  made  for  1,  2  and  3  f  oup  con- 
troL  A  diagram.  Figure  2,  is  also  given  showing  the  ms^aUa. 
tion  of  a  two  group  connection.   The  two  group  switch  ha^ 
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proven  to  be  the  most  practical  in  most  installations.  Tim 
gwitch  makes  it  possible  to  control  two  groups  either  at^ 
rately  or  collectively. 

This  switch  installed  costa  about  60  per  cent  of  the  cost  of 
two  single  group  switches. 

In  estimating  the  cost  of  installing  tungsten  lamps  for  gen- 
eral illumination  I  have  found  from  experience  that  the  follow- 
ing schedule  enables  me  to  make  a  fairly  accurate  estimate. 

The  wire  and  conduit  cost  150  per  cent  more  than  the  cost 
of  the  lamp  and  the  wire  and  knobs  125  per  cent  of  the  cost  of 
the  lamp.  The  labor  for  conduit  installation  is  approximately 
45  per  cent  of  cost  of  lamp  and  wiring  materials.  The  labor 
for  open  type  installations  costs  approximately  50  per  cent  of 
eost  of  lamp  and  wiring  materials.  This  does  not  include  the 
cost  of  mains  and  distributing  centers. 

Add  to  this  the  cost  of  reflector  to  get  the  total  cost.  I  give 
below  two  typical  cases. 


Conduit  Installation. 

Tungsten  lamp   $  -70 

Conduit  and  wire,  etc   1-75 

Labor   ^-^'^ 

Reflectors    ^-25 


Total   $*-82 

Open  type  limtnllations. 

Tungsten  lamp   $  .70 

"Wiring  materials  70 

Labor  

Reflector    1-25 


Total  $3.35 


In  departments  where  there  is  excessive  vapor  or  gas  a 
vapor  proof  fixture,  similar  to  the  one  shown  in  Figure  20, 
page  43  may  be  used.  This  type  of  fixture  protects  the 
lamp  and  socket  from  corrosion  and  allows  for  convenient 

cleaning  of  globe. 

It  has  been  found  that  the  regular  porcelain  enameled  steel 
reflector  can  be  used  in  departments  where  gases,  fumes  and 
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moisture  exist  providing  aU  defects  in  porcelain  are  covered 
with  acid  proof  paint  or  compound.  It  is  further  necessary  to 
protect  the  brass  base  of  lamp  and  the  socket.  This  may  be 
iiccomplished  by  inserting  a  flat  soft  rubber  gasket  over  the 
lower  end  of  the  lamp  bulb.  This  gasket  should  fit  snugly  into 
the  neck  of  the  reflector  when  the  lamp  is  screwed  into  the 
socket. 


Pfister  &  Vogel  Tannery.    Splitting  Knife  G'inder.    General  lUumi- 
n»tton  with  adjustable  individiial  light  attached  to  fixture. 
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CHAPTER  VI. 

STANDARDS  RECOMMENDED  FOR  VARIOUS  DEPART- 
MENTS AND  CONDITIONS. 

In  planning  an  installation  for  a  department  a  careful  study 
should  first  be  made  of  all  conditions.  First  the  locati<«  of 
individual  lights  for  illuminating  particular  machines  or  work- 
ing planes  should  be  determined.  Wherever  possible  this 
^ould  be  accomplished  by  the  use  of  overhead  units  which 
will  contribute  to  the  general  illumination  because  the  ordi- 
nary drop  light  does  not  add  materially  to  the  same.  These 
lights  should  be  so  located  as  to  avoid  shadows.  The  general 
illumination  from  the  lights  over  individual  machines  should 
be  considered  in  laying  out  the  installation  of  additicmal  units 
for  the  general  lighting  of  the  department.  It  is  important 
to  so  arrange  these  Ught  units  that  the  intensity  of  illumina- 
tion will  be  greatest  at  the  points  where  actual  work  is  being 
done.  In  accomplishing  this  care  should  be  taken  to  avoid 
shadows  made  by  workmen's  bodies,  tools  and  other  objects. 
In  buildings  where  there  are  columns  or  posts  the  light  units 
should  be  so  arranged  as  to  practically  eliminate  shadows  from 
same.  In  carrying  out  this  plan  it  will  be  found  that  the  units 
cannot  always  be  arranged  regularly  over  the  room  but  must  be 
so  located  as  to  distribute  the  light  to  the  best  advantage  to  all 
parts  of  the  room.  Individual  drop  lights  should  be  avoided 
as  far  as  possible.  The  general  lighting  units  should  be  so 
arranged  as  to  give  local  illumination.  This  will  largely  elim- 
inate drop  lights. 

When  the  i^acing  between  overhead  units  used  for  individ- 
ual lighting  is  such  that  an  intermediate  unit  may  be  required 
to  give  sufficient  general  illumination  it  has  been  found  to  be 
good  practice  to  increase  the  size  of  such  units  rather  than  to 
install  the  additional  units.  This  can  be  done  if  the  ceiling  is 
of  sufficient  height  and  the  spacing  between  lamps  is  not  too 
great. 

I  have  thought  it  would  be  useful  to  the  manufacturers  and 
their  electricians  to  include  in  this  chapter  specific  recommen- 
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moisture  exist  providing  all  defects  in  porcelain  are  covered 
with  acid  proof  paint  or  compound.  It  is  further  necessary  to 
protect  the  brass  base  of  lamp  and  the  socket.  This  may  be 
accomplished  by  inserting  a  flat  soft  rubber  gasket  over  the 
lower  end  of  the  lamp  bulb.  This  gasket  should  fit  snugly  into 
the  neck  of  the  reflector  when  the  lamp  is  screwed  into  the 
socket. 


Pflster  &  Vogel  Tannery.    Splitting  Knife  Grinder.    General  lUumi- 
nation  with  adjustable  individnal  light  attached  to  fixture. 
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CHAPTER  VI. 

STANDARDS  RECOMMENDED  FOR  VARIOUS  DEPART- 
MENTS AND  CONDITIONS. 

In  planning  an  installation  for  a  department  a  careful  study 
should  first  be  made  of  all  conditions.  First  the  location  of 
individual  lights  for  illuminating  particular  machines  or  work- 
ing planes  should  be  determined.  Wherever  possible  this 
should  be  accomplished  by  the  use  of  overhead  units  which 
will  contribute  to  the  general  illumination  because  the  ordi- 
nary drop  light  does  not  add  materially  to  the  same.  These 
lights  should  be  so  located  as  to  avoid  shadows.  The  general 
illumination  from  the  lights  over  individual  machines  should 
be  considered  in  laying  out  the  installation  of  additional  units 
for  the  general  lighting  of  the  department.  It  is  important 
to  so  arrange  these  light  units  that  the  intensity  of  illumina- 
tion will  be  greatest  at  the  points  where  actual  work  is  being 
done.  In  accomplishing  this  care  should  be  taken  to  avoid 
shadows  made  by  workmen's  bodies,  tools  and  other  objects. 
In  buildings  where  there  are  columns  or  posts  the  light  units 
should  be  so  arranged  as  to  practically  eliminate  shadows  from 
same.  In  carrying  out  this  plan  it  will  be  found  that  the  units 
cannot  always  be  arranged  regularly  over  the  room  but  must  be 
so  located  as  to  distribute  the  light  to  the  best  advantage  to  all 
parts  of  the  room.  Individual  drop  lights  should  be  avoided 
as  far  as  possible.  The  general  lighting  units  should  be  so 
arranged  as  to  give  local  illumination.  This  will  largely  elim- 
inate drop  lights. 

When  the  i^acing  between  overhead  units  used  for  individ- 
ual lighting  is  such  that  an  intermediate  unit  may  be  required 
to  give  sufficient  general  illumination  it  has  been  found  to  be 
good  practice  to  increase  the  size  of  such  units  rather  than  to 
install  the  additional  units.  This  can  be  done  if  the  ceiling  is 
of  sufficient  height  and  the  spacing  between  lamps  is  not  too 
great. 

I  have  thought  it  would  be  useful  to  the  manufacturers  and 
their  eleetriciMis  to  include  in  this  chapter  specific  recommen- 
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dations  for  lighting  installations  covering  the  more  important 
departments  and  eonditioBS  found  in  the  factories  ot  Wiscon- 

sin 

In  offering  these  recommendations,  as  stated  before,  I  am 
not  pretending  to  give  the  final  word  on  shop  hghting,  but 
merely  placing  before  the  manufacturers  the  resnlts  of  my  own 

experience.  ,  ^  „^ 

I  give  these  recommendations  under  nine  headings,  and  un- 
der each  heading  is  included  a  brief  list  of  details. 

1  DEPARTMENTS  WITH  OBIUNCW  11  TO  16  FEET  IN 
HBICSttT,  WHERE  THERE  IS  NO  GAS  OB  SMOKE. 

(a)  Type  of  Lamp.  Tungsten— 100  watts. 

(b)  Type  of  Bflflector.   Similar  to  design  shown  in  figures 
3,  4,  6,  7  and  8,  pages  39  and  40. 

(c)  Hei^t   10  feet  to  bottom  of  reflector. 

(d)  Spacing.  Need  not  be  arranged  regularly  over  room, 
but  should  be  so  placed  as  to  give  the  best  resnlts  for  individ- 
ual machines  and  benches ;  but  should  be  approximately  18  foot 
centers.  Care  should  be  taken  to  arrange  the  lamps  so  as  to 
avoid  shadows  from  piles,  machines,  beams,  pillars,  etc.  and 
also  the  tools  and  workmen's  bodies.  ^    ^  . 

(e)  Minimnm  Amount  of  Light.  One-fourth  ^of  a  candle 
power  per  sqnaxe  floor  foot  as  a  minimum  for  safety  and  effl- 
ciency  in  departments  where  coarse  work  is  done,  such  as 
the  ordinary  wood  and  metal  working  shops.  In  departmente 
where  finer  work  is  done,  one-half  to  one  candle  power  per 
square  floor  foot  is  necessary  to  give  good  reiolts. 

a.   DEPARTMENTS  WITH  0™JNGS  9  to  IIJEET  IN 
HEIGHT,  WHERE  THERE  IS  NO  GAS  OB  SMOKR 

(a)  Type  of  Lamp.   Tungsten— 60  watt. 

(b)  Type  of  Reflector.   Similar  to  design  shownin  Figure 

17,  page  42. 

(e)   Height.  8  to  10  feet  (as  high  as  possible), 
d)    Spacing.  12  to  14  foot  centers.  Need  not  be  arranged 
regularly  over  the  room,  but  should  be  so  placed  as  to  give 
the  best  resnlts  for  individual  machines  and  benches 

(e)   Mimmmn  Amount  of  Light.   One-fonrth  candle  power 


Pfister  &  Yogel  Leather  Co.   Individual  Ldshtinsr  of  L»athe. 
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duuons  lor  lighting  installations  covering  the  more  important 
departu.ents  and  conditions  found  in  the  factories  of  Wiseon- 

sin 

In  offering  these  recommeiKlaiions,  as  stated  before,  I  am 
not  ,n-etending  to  give  the  final  word  on  shop  lightmg,  but 
merely  placing  bet.n  e  the  manufacturers  the  results  of  my  own 

^T^vrthese  recommendations  under  nine  headings,  and  un- 
der each  heading  is  included  a  brief  list  of  details. 

1  DEPARTMENTS  WITH  CEILINGS  11  TO  16  FEEJ  in 
HEIGHT,  WHERE  THERE  IS  NO  GAB  OR  SMOKE. 

(a)  Type  of  Lamp.    Tungsten— 100  watts. 

(b)  Type  of  Reflector.   Similar  to  design  shown  m  ngures 
3,  4,  6,  7  and  8,  pages  39  and  40. 

(c)  Height.    10  feet  to  bottom  of  reflector. 

(d)  Spacing.  Need  not  be  arranged  regularly  over  room, 
but  should  be  so  i.laced  as  to  give  the  best  results  for  individ- 
ual machines  and  benches;  but  should  be  approximately  IS  foot 
centers  Care  should  be  taken  to  arrange  the  lamps  so  as  to 
avoid  shadows  from  piles,  machines,  beams,  pillars,  etc.  and 
also  the  tools  and  workmen's  bodies. 

(e)  Minimum  Amount  of  Light.  One-fourth  of  a  eandb- 
power  per  square  floor  foot  as  a  minimum  for  safety  and  effi- 
ciencv  in  departments  where  coarse  work  is  done,  such  as 
the  ordinary  wood  and  metal  working  shops.  In  departments 
where  finer  work  is  done,  one-half  to  one  candle  power  per 
square  floor  foot  is  necessary  to  give  good  results. 

2.   DEPARTMENTS  WITH  CBIUNGS  9  tjj  11  FEET  in 
HEIGHT,  WHERE  THERE  IS  NO  GAS  OR  SMOKE. 

(a)    Type  of  Lamp.   Tungsten— 60  watt. 

(h)    Type  of  Reflector.   Similar  to  design  shown  in  Figure 

17.  page  42. 

(c)  Hwght.    8  to  10  feet  (as  high  as  possible). 

(d)  Spacing.  12  to  14  foot  centers.  Need  not  be  arrange,! 
regularly  over  the  room,  but  should  be  so  placed  as  to  give 
the  best  results  for  individual  machines  and  benches 

(e)  Minimum  Amount  of  Light.   One-fourth  candle  power 
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Pfister  &  Vogrel  Leather  Co.    Individual  Lighting  of  Lathe 
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per  square  floor  foot  in  departments  wkere  coarse  work  is 
done ;  one-half  to  one  candle  power  per  square  floor  foot  where 
fine  work  is  b^ng  done. 

3.   FOUNDRIES  AND  FORGE  SHOPS. 

(a)  Type  of  Lamp.  Tungsten— 250  watts,  when  hung  at 
height  of  20  feet  or  less;  400  to  500  watts  when  hung  over  20 
feet  Flaming  arc  lamps  for  all  installations  over  40  feet  in 
height,  where  tungsten  lamps  cannot  be  installed.  The  new 
type  of  tungsten  lamp  can  be  used  in  most  cases  where  flaming 
arc  lamps  are  used.    See  Chapter  2  for  ^f^J^f 

I,ote.    Where  the  foundry  is  nar^^^^ 
»t  b/'lJilc^ttS.^i'  ^ci'i^  orwiUs.    For  reflectors  see 
Figure  22,  page  43. 

(b)  Type  otf  Reflector.   Similar  to  designs  shown  in  Fig- 
ures 5  and  7,  pages  39  and  40. 

(c)  Heiglit   20  feet  where  no  cranes  or  other  obstructions 

(d)  toacing.    Should  be  arranged  uniformly  over  room. 

(e)  Munmum  Ameimt  <rf  Idght.   One-half  candle  power 
per  square  floor  foot. 

4.  STAIRWAYS. 

(a)  Type  of  Lamp.  Tungsten— 40  watt. 

(b)  Type  of  Reflector.  Similar  to  design  shown  in  Figure 

9,  page  40. 

(e)    Height.    As  high  as  ceiling  will  permit. 

(d)  Location.  Where  there  is  one  flight  of  stairs  from  one 
floor  to  the  other,  one  Ught  on  each  floor  is  required.  Where 
there  are  two  flights  of  stairs  between  floors,  running  m  oppo- 
site directions,  a  light  should  be  placed  over  center  of  floor 

landings  only.  , 

(e)  Minimum  Amount  of  Light.   One  40  watt  lamp  for 

each  stairway. 

5.  PLATFORMS. 

(a)  Type  of  Lamp.    Tungsten— 60  watt. 

(b)  Type  of  Reflector.   Similar  to  design  shown  in  Figure 

21,  page  43. 

(c)  HMght   12  feet  if  possible. 
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per  square  floor  foot  in  departments  where  coarse  work  is 
done  J  one-half  to  one  caudle  power  per  square  floor  foot  where 
fine  work  is  being  done. 

3.   FOUNDRIES  AND  FORGE  SHOPS. 

(a)  Type  of  Lamp.  Tungsteu— 250  watts,  when  hung  at 
hei-lit  of  20  feet  or  less;  400  to  500  watts  when  hung  over  20 
feet  Flaming  arc  lamps  for  all  installations  over  40  feet  m 
height,  where  tungsten  lamps  cannot  be  installed  The  new 
type  of  tungsteu  lamp  can  be  used  in  most  cases  where  flaming 
arc  lamps  are  used.    See  Chapter  2  for  further  data 

Xote.    Where  the  foundry  ^  n^^^^^^^^ 
» V  bM'attac^Jf  fJ'ffimas*  o^^^^'.    For  reflectors  see 
FiETure  22,  page  43. 

^b)    Type  Of  Reflector.    Similar  to  designs  shown  in  Fig- 
ures 5  and  7,  pages  39  and  40.  ^  ^ 
(e)    Height.   20  feet  where  no  cranes  or  other  obstructions 

iii1>Gri*Brc 

(d^    Spacing.    Should  be  arranged  uniformly  over  room, 
(e)    Minimum  Amount  of  Light.   One-half  candle  power 
per  square  floor  foot. 

4.  STAIRWAYS. 

(a)  Type  of  Lamp.    Tunprsten— 40  watt. 

(b)  Type  of  Reflector.  Similar  to  design  shown  m  Figure 

1»,  i)age  40. 

(c)  Height.    As  high  as  ceiling  will  permit. 

(d)  Location.  Where  there  is  one  flight  of  stairs  from  one 
floor  to  the  other,  one  light  on  each  floor  is  required.  Where 
there  are  two  flights  of  stairs  between  floors,  running  m  oppo- 
site direetions,  a  light  should  be  placed  over  center  of  floor 

landings  only.  „ 

(e)  Minimum  Amount  of  Light.   One  40  watt  lamp  for 

each  stairway. 

5.  PLATFORMS. 

(a)  Type  of  Lamp.   Tungsten— 60  watt. 

(b)  Type  of  Reflector.   Similar  to  design  shown  in  Figure 

21,  page  43. 

(c)  Height.    12  feet  if  possible. 


Pfister  &  Vogel  Leather  Co.    Individual  Lighting  of  Drill  I'ress 


39  INDUSTRIAL  COMMISSION  OF  WISCONSIN 


(d)  Spacing.  Over  center  of  platform  if  platform  is  cov- 
ered; if  not,  lamps  should  be  attached  to  pipe  fixtures  abont 
4  feet  long.  When  platform  is  more  than  12  feet  wide  and  not 
covered,  reflectors  on  these  fixtures  should  be  placed  at  an 
angle  of  30  degrees  with  horizontal  line. 

(e)  MinimiiiH  Amount  of  Light   One-eighth,  candle  po.wer 

per  square  floor  foot.  ^ 

6.  DBIVEWAYS    AND     PASSAGEWAYS  BETWEEN 

BTTILDINGS. 

(a)  Type  of  Lamp.  Tungsten — ^150  watt. 

(b)  Type  of  Eeflfictor.  Similar  to  design  showij  in  Figure 
21,  page  43. 

(c)  Height.   16  feet. 

(d)  Location.   Pipe  fixtures  4  feet  6  inches  from  building. 

(e)  Miidmimi  Amoimt  of  Light.  One-twelfth  candle  p*ir«r. 

7.  TABDS. 

(a)  Typo  of  Lamp.  Tungsten— 400  watt. 

(b)  Type  of  Reflector.  Similar  in  design  to  one  shown  in 
Figure  21,  page  43. 

(c)  Hoiglit.  20  feet. 

(d)  Spacing.  175  foot  centers;  when  buildings  obstruct, 
lights  arranged  accordingly.  Lights  should  be  placed  so  as 
to  give  light  to  roadways. 

8.  INDIVIDUAL  MACHINES. 

(a)  Type  of  Lamp.   40  watt  metallized  carbon  filament 

lamp  or  16  candle  power  carbon  filament  lamp  where  attached 
to  machine  with  brackets ;  40  watt  tungsten  lamp  or  16  can- 
dle power  carbon  filament  lamp  where  hung  on  cords. 

(b)  Type  of  Reflector.  Similar  to  design  shown  in  Figures 
11, 12, 13, 14, 15, 16, 18  and  19,  on  pages  41  to  43. 

(c)  Location.  Attached  or  hung  so  that  maximum  light 
reaches  tool,  and  light  is  hidden  from  eyes  of  operator,  and 
shadows  are  avoided.  On  such  maehineB  as  punch  presses  and 
drill  presses,  where  operator  sits  close  to  the  machine  and  feeds, 
the  light  should  be  hung  over  the  center  of  the  space  between 
the  operator  and  the  machine.  If  more  than  two  operators  are 
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working  together,  side  by  side,  the  light  for  general  illumina- 
tion should  be  hung  between  them.   Where  it  is  desirable  to 

use  the  general  illumination  for  lighting  large  machines  such 
as  wood  planers^  the  light  should  be  hung  ov^  the  c^ter  of 

the  machine. 

Ainniin^  of  Light.  Sufficient  to  prevent  eye  strain  and  enable 
operator  to  do  efficient  work. 


Pftster  &  Voff^  Tannenr.   Glaslngr  Jacks.   Individual  Iflgbtlns. 

9.  BENCHES. 

(a)  Type  of  Lamp.   Tungsten  40  watt,  20  watt  metallized 

filament,  or  16  candle  power  carbon  lamp. 

Note.    Where  possible,  use  general  illumination  rather  than 
individual  bench  lighting. 

(b)  Type  of  Reflector.  Similar  to  design  shown  in  Figure 
16,  page  42. 

(c)  Height.  Bottom  of  reflector  about  4  feet  from  floor. 
The  cord  should  be  provided  with  an  adjuster. 

(d)  Location.   18  inches  from  edge  of  table. 

(e)  Amount  of  Light.  Sufficient  to  prevent  eye  strain  and 
enable  operator  to  do  efficient  work. 
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(d)  Spacing.  Over  center  of  platform  if  platform  is  cov- 
ered :  if  not,  lamps  sliould  be  attached  to  pipe  fixtures  about 
4  feet  long.  When  platform  is  more  than  12  feet  wide  and  not 
covered,  reflectors  on  these  fixtures  should  be  placed  at  an 
angle  of  80  degrees  with  horizontal  line. 

(e)  Minimum  Amount  of  Light.  One-eighth  caudle  power 
per  square  floor  foot. 

6.  DRIVEWAYS     AND     PASSAGEWAYS  BETWEEN 

BUILDINGS. 

(a)  Type  of  Lamp.  Tungsten — ^150  watt. 

(b)  Type  of  £efl.eGtor.  Similar  to  design  shown  in  l^'igure 
21,  page  43. 

(c)  Height.    16  feet. 

td)    Location,    ripe  tixtures  4  feet  ti  inches  from  building. 

(e)    Manimum  Amount  of  Light.  One-twelfth  candle  pow«r. 

7.  YARDS. 

(a)  Type  of  Lamp.  Tungsten — 400  watt. 

(b)  Type  of  Reflector.   Similar  in  design  to  one  shown  in 

Figure  21,  page  43. 
le)    Height.   20  feet. 

l^d)  Spacing.  175  foot  centers;  when  buildings  obstruct, 
lights  arranged  accordingly.  Lights  should  be  placed  so  as 
to  give  light  to  roadways. 

8.  INDIVIDUAL  MACHINES. 

(a)  Type  of  Lamp.   40  watt  metallized  carbon  filament 

lamp  or  16  candle  power  carbon  filament  lamj)  where  attached 
to  machine  with  brackets ;  40  watt  tungsten  lamp  or  16  can- 
dle power  carbon  filament  lamp  where  hung  on  cords. 

(b)  Type  of  Reflector.  Similar  to  design  shown  in  Figures 
11, 12.  13,  14, 15, 16, 18  and  19,  on  pages  41  to  43. 

(c)  Location.  Attached  or  hung  so  that  maximum  light 
reaches  tool,  and  light  is  hidden  from  eyes  of  operator,  and 
shadows  are  avoided.  On  such  machines  as  punch  presses  and 
drill  presses,  where  operator  sits  close  to  the  machine  and  feeds, 
the  light  should  be  hung  over  the  center  of  the  space  between 
the  oi)erator  and  the  machine.   If  more  than  two  operators  are 
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working  together,  side  by  side,  the  light  for  general  illumina- 
tion should  be  hung  between  them.  Where  it  is  desirable  to 
use  the  general  illumination  for  lighting  large  machines  such 
as  wood  planers,  the  Ught  should  be  hung  over  the  center  of 
the  machine. 

Amount  of  Light.  iSufticient  to  prevent  eye  strain  and  ciiablf 
operator  to  do  efficient  work. 


Pflster  &  Vogrel  Tannery.    Glazing  Jacks.    Individual  Lighting. 

9.  BENCHES. 

(a)  Type  of  Lamp.   Tungsten  40  watt,  20  watt  metallized 

filament,  or  16  candle  power  carbon  lamp. 

Note.    Where  possible,  use  general  illumination  rather  than 
individual  bench  lighting. 

(b)  Type  of  Reflector.  Similar  to  design  shown  in  Figure 
16.  i)age  42. 

(c)  Height.  Bottom  of  reflector  about  4  feet  from  floor. 
The  cord  should  be  provided  with  an  adjuster. 

(d)  Location.    18  inches  from  edge  of  table. 

(e)  Amount  of  Light.  Sufficient  to  prevent  eye  strain  and 
enable  operator  to  do  efficient  work. 
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10.   DBAFXnrO  TABLES. 

(a)  Type  of  Lamp.   40  watt  tungsten  (use  two  lamps), 

(b)  Type  of  Reflector.   Similar  to  design  shown  in  Figures 

16  and  17,  page  42, 
Beflectors,  Figures  11  and  16  can  be  used  on  fixture,  Figure  18. 

(c)  Height.    42  inches  above  table. 

(d)  Location.  Central  so  each  unit  illuminates  one-half  of 
table  and  is  adjustable. 

(e)  Amount  of  Llight.  Two  40  watt  lamps  for  each  drafts- 
man. 
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FIGURE  1. 
Conduit  enelosiiiff  fltthiK  and  switch. 
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FIGURE  2. 

Dia^ammatic  ffroupinsr  of  two  circuit  switch. 


GROUPS  0M£  AND  TWO  CONTROLLED  EITHER  SEPARATELY  OR 

COLLECTIVELY. 
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FIGURE  4. 
14"  reflector. 


FIGtTRB  5. 

18"  reflector. 


ALL  bBFLEICTORS  BBK*OMMBNDBD  IN  THIS  BULLBTIN  ARE  MADB  OF 

PORCBLAIN  BNAMBLBD  STBBL 
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FIGURE  6. 
14"  reflector. 

* 


FIGURES  7. 
16"  reflector. 


FIGURE  8. 
18"  reflector. 


FIGURE  9. 
10"  refle<^r. 


khL  RBFLBCTORS  RECOMMENDED  IN  THIS  BULLETIN  ARE  MADE  OF 

PORCELAIN  ENAMELED  STEEL 
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FIGURS  10. 

16"  reflector. 


FIGURE  12.  FIGURB  14. 

«%4"  reflector.  f^"  reflector. 


ALL  BBFUDCTOBB  RBCOMMBNDBD  IN  THIS  BULLBTIM  ABB  MADB  OF 
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FIGURE  15. 
Half  reflector. 


FIGURE  17. 

12"  reflector 
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ALL  REFLECTORS  RECOMMENDED  IN  THIS  BULLETIN  ABE  MADE  OF 

PORCELAIN  £}NAMELBD  STEEL 
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FIGURE  19. 
Adjustable  machine  tool  Uunp  fixture. 


Reflector  Figrure  21. 


ALL  BBFLBCT0B8  RBCOMMIGNDBD  IN  THIS  BULLETIN  ARB  MADE  OF 

PORCELAIN  mfAMBLED  STEEL 
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CHAFT££  VIL 

HATUEAL  UaHT. 

I  do  not  think  it  is  necessary  in  this  bulletin  to  go  into  the 
subject  of  the  construction  of  new  shop  buildings  to  secure 
adequate  natural  light.  The  fact  that  practically  all  new  fac- 
tory buildings  now  being  erected  are  weU  equipped  with  win- 
dows is  evidence  of  the  fact  that  manufacturers  generally  are 
alive  to  the  imp<Nrtanee  of  this  subject. 

Many  of  the  one  story  factory  buildings  are  ccmstructed  with 
isaw  tooth  roofs,  which  have  been  found  to  give  very  satisfac- 
tory results.  In  old  factories  which  are  dark,  much  can  be 
done  to  increase  the  light.  The  walls  and  ceilings  should  be 
kept  well  whitened  with  whitewash  or  water  paint.  This  will 
increase  the  distribution  of  the  natural  and  artificial  light  ap- 
proximately 20  per  cent.  It  also  adds  materially  to  the  natural 
light  to  keep  the  windows  clean. 

In  wide  rooms  where  the  ceilings  are  low  and  the  window 
space  is  limited  it  has  been  found  effective  to  install  prism 
glass  in  the  windows.  This  admits  a  larger  amount  of  light 
and  diffuses  it  over  the  room. 

In  concluding  this  bulletin  I  wish  to  say  that  any  manufac- 
turer who  will  make  a  careful  study  of  the  conditions  in  his 
own  plant  will  soon  discover  the  economic  value  of  efficient 
light,  both  natural  and  artificial.  While  much  definite  infor- 
mation has  been  included  in  this  bulletin  in  regard  to  installa- 
tions, yet  it  devolves  upon  each  manufacturer  to  study  his  own 
conditions  and  to  adapt  his  lighting  systems  to  the  needs  of  his 
work. 
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CHAPTER  VIL 

NATURAL  LIGHT. 

I  do  not  think  it  is  necessary  in  this  bulletin  to  go  into  the 
subject  of  the  construction  of  new  shop  buildings  to  secure 
adequate  natural  light.  The  fact  that  practically  aU  new  fac- 
tory buildings  now  being  erected  are  well  equipped  with  win- 
dows is  evidence  of  the  fact  that  manufacturers  generally  are 
alive  to  the  importance  of  this  subject. 

Many  of  the  one  story  factory  buildings  are  constructed  with 
saw  tooth  roofs,  which  have  been  found  to  give  very  satisfac- 
tory results.  In  old  factories  which  are  dark,  much  can  be 
done  to  increase  the  light.  The  walls  and  ceilings  should  be 
kept  well  whitened  with  whitewash  or  water  paint.  This  will 
increase  the  distribution  of  the  natural  and  artificial  light  ap- 
proximately 20  per  cent.  It  also  adds  materially  to  the  natural 
light  to  keep  the  windows  clean. 

In  wide  rooms  where  the  ceilings  are  low  and  the  window 
space  is  limited  it  has  been  found  effective  to  install  prism 
glass  in  the  windows.  This  admits  a  larger  amount  of  light 
and  diffuses  it  over  the  room. 

In  concluding  this  bulletin  I  wish  to  say  that  any  manufac- 
turer who  will  make  a  careful  study  of  the  conditions  in  his 
own  plant  will  soon  discover  the  economic  value  of  efficient 
light,  both  natural  and  artificial.  While  much  definite  infor- 
mation has  been  included  in  this  bulletin  in  regard  to  installa- 
tions, yet  it  devolves  upon  each  manufacturer  to  study  his  own 
conditions  and  to  adapt  his  lighting  systems  to  the  needs  of  his 
work. 


Pfister  &  Vogel  Tannery.   Stairway.    40  Watt  Lamp, 
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CHAPTEE  Vm. 

OBDERS  OF  INDUSTBIAL  COIOSISSION  ON  SHOP 

I«IGHTIN6. 

Issued  Jan.  20,  1913. 
SHOP  LIOHTINO. 

Order  2100 — ^Natural  Light  Eequired.  Each  place  of  em- 
ployment hereafter  constructed  must  be  supplied  with  adequate 
natural  light  during  the  working  daylight  hours. 

Order  2101 — Artificial  Liffht  Eequired.  Each  place  of  em- 
ployment at  present  constructed  and  which  is  not  so  equipped 
as  to  furnish  adequate  natural  light  during  the  working  day- 
.  light  hours,  must  he  supplied  with  artificial  light  as  specified 
in  Orders  2102  to  2105,  inclusive. 

Order  2102-^Artificiial  Lighit  Where  no  Gas  or  Smoke.  Each 
place  of  employment  in  which  hand  or  machine  operations  are 

performed,  must  be  supplied  during  the  working  hours,  when 
daylight  is  not  available,  with  artificial  light  equivalent  in 
amount,  for  each  4  square  feet  of  floor  space,  to  not  less  than 
the  light  produced  by  a  one  candle  power  lamp  hung  10  feet 
from  the  floor. 

Order  2103— Artificial  Light  Where  Gas  and  Smoke.  In 
foundries,  forge  shops  and  other  industries  where  there  is 
smoke  and  gas  which  obstruct  the  light,  sufficient  artificial 
light  must  be  supplied  to  overcome  the  obstruction  and  to 
furnish  the  standard  amount  of  light  on  the  floor  specified  in 
Order  2102. 

NOTE.  It  has  hewn  foimd  from  experience  in  foundries  and 
fMve  shops,  that  the  proper  amount  of  light  is  secured  when 
tbe  staaditfd  of  light  i^e^fled  in  Order  2102  is  increased  100 
per  emt. 

Order  2104— Warehouses  and  Storage  Places.  Each  place 
of  employment  in  which  hand  or  machine  operations  are  not 
performed,  such  as  warehouses,  vat  rooms  and  storage  places, 
must  he  supplied  during  the  working  hours,  when  dayUght  is 
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CHAPT£&  Vm. 

ORDERS  OF  INDUSTRIAL  GOMMISSION  ON  SHOP 

LIGHTING. 

Issued  Jan.  20,  1913. 

SHOP  LIGHTING. 

Order  2100 — ^Natural  Light  Required.  Each  place  of  em- 
ployment hereafter  comtructed  must  be  supplied  with  adequate 
natural  light  during  the  working  daylight  hours. 

Order  2101--ArtiificiaL  Light  Required.  Each  place  of  em- 
ployment ai  present  constructed  and  which  is  not  so  equipped 
as  to  furnish  adequate  natural  light  during  the  working  day- 
:  light  hours,  must  be  supplied  with  artificial  light  as  specified 
in  Orders  2102  to  2105,  inclusive. 

Order  2102— Artificial  Light  Where  no  Gas  or  Smoke.  Each 
place  of  employment  in  which  hand  or  machine  operations  are 
performed,  must  be  supplied  during  the  working  hours,  when 
daylight  is  not  available,  with  artificial  light  equivalent  in 
amount,  for  each  4  square  feet  of  floor  space,  to  not  less  than 
the  light  produced  by  a  one  candle  power  lamp  hung  10  feet 
from  the  floor. 

Order  2103— Artificial  Light  Where  Gas  and  Smoke.  In 
foundries,  forge  shops  and  other  industries  where  there  is 
smoke  and  gas  which  obstruct  the  light,  sufficient  artificial 
light  must  be  supplied  to  overcome  the  obstruction  and  to 
furnish  the  standard  amount  of  light  on  the  floor  specified  in 
Order  2102. 

NOTE.  It  has  been  fomid  from  experienre  in  foundries  and 
ffMTSe  shops,  that  the  proper  amount  of  light  is  secured  when 
the  standard  of  light  specified  in  Order  2102  is  increased  100 
per  cent. 

Order  2104— Warehouses  and  Storage  Places.  Each  place 
of  employment  in  which  hand  or  machine  operations  are  not 

performed,  sueli  as  warehouses,  vat  rooms  and  storage  places, 
must  be  supplied  during  the  working  hours,  when  daylight  is 
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not  available,  with  artificial  light  equivalent  in  amount  for 
each  8  square  feet  of  floor  space,  to  not  less  than  the  light  pro- 
duced by  a  one  candle  power  lamp  hung  10  feet  from  the  floor- 
Order  210&— Light  for  Fine  Work.  In  each  place  of  employ- 
ment where  fine  or  close  work  is  being  done,  such  as  fine  lathe 
work,  engraving,  typesetting  and  drafting,  and  where  the 
standard  of  light  specified  in  Orders  2102  and  2103  is  not 


Pfister  &  Vosel  Leather  Co. 

sufficient  to  prevent  injurious  eye  strain,  sufficient  light  must- 
be  provided  in  every  case  to  avoid  unnecessary  eye  strain. 

XOTE.  In  many  cases  it  is  advisable  to  provide  individual 
lights  for  each  machine,  bench  or  table.  It  is  exceedingly  im— 
portant  that  these  lights  be  equipped  with  prop^  reAectoms- 
which  can  be  kept  dean,  and  which  so  reflect  the  light  that: 
tile  eyes  Me  not  subjected  to  the  glare  of  the  l^t,  and  ^e 
strain  is  av<rtded 

Order  2106— Yards,  Roadways,  ete.   All  yards,  roadways, 

stairways,  tramways,  and  other  places  outside  of  buildings- 
which  are  frequented  by  employes  in  the  course  of  their  em- 
ployment, must  be  supplied  with  natural  or  artificial  light  dur- 
ing the  working  hours  so  that  every  part  of  such  place  is  easily 
discernible. 

NOTE.  (a)  Standards  Based  on  Experience — The  standards 
for  artificial  lighting  specified  in  Orders  2100  to  2106,  inclusive, 
are  based  on  the  experience  of  a  large  number  of  reputable 
manufacturing  concerns  which  have  worked  out  the  proWems 
of  shop  lighting,  both  from  the  standpoint  of  efficiency  as  well' 
as  safety.    These  standards  are  as  low  as  can  be  safely  ad^vCed? 
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to  secure  results.  Many  concerns  have  adopted  standards  con- 
siderably higher  than  these.  The  standards  of  light  for  depart- 
ments in  which  hand  or  machine  operations  are  performed,  as 
qpedfled  in  <Mers  2102  and  2103,  have  been  found  to  be  ad- 
equate f w  a  large  per  cent  of  the  faetories  in  iHiich  wood-work- 
ing machinery  is  <q^erated«  and  in  factories  in  mrihidi  coarse 
worlE  is  briboig  done  on  benches,  f <Mfges  or  on  metal  woridng 
machines.  In  such  factories  where  the  proper  standard  of 
general  illumination  has  been  installed^  it  has  been  foand  im« 
necessary  to  use  individual  lights. 

NOTE,  (b)  Reflectors  for  Lamps — Each  lamp  used  for 
either  general  illumination  or  individual  lighting  should  be 
equipped  with  a  reflector  made  of  white  enameled  steel,  porce- 
lain, glass  or  similar  material  which  will  not  be  tarnished  by  the 
gas  and  smoke,  and  which  can  be  kept  clean.  The  reflectors 
used  for  general  illumination  should  be  so  shaped  as  to  concen- 
trate and  distribute  the  light  on  the  working  plane  which  is  usu- 
ally within  seven  feet  of  the  floor.  It  has  been  found  that  a 
^"operly  designed  reflectw  will  add  aiMHit  35  per  c^  to  the 
dBdency  of  the  lamp.  Tliese  reflectors  iAonld  be  k^t  dean. 
It  has  been  demonstrated  that  It  adds  from  25  per  cent  to  50 
per  cent  to  the  efficiency  of  a  reflector,  to  keep  it  dean. 

NOT£.  (c)  Walls  Whitened — Windows  Oean— In  all  places 
of  employment  where  there  is  not  excessive  smoke  and  gas,  the 
walls  and  ceilings  should  be  kept  properly  whitened  \vith  paint 
or  whitewash.  It  has  been  demonstrated  that  in  departments 
where  the  w^alls  are  whitened  the  natural  and  artificial  light  is 
increased  about  20  per  cent.  It  also  adds  materially  to  the 
natural  light  to  keep  the  windows  clean. 
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Accidents,  value  of  light  to  prevent,  8. 
American  Institute  of  Electrical  Engineers,  6. 
Amount  of  light,  experience  of  manufacturers,  48,  49. 
Amount  of  light  for  various  departments,  24. 
Artificial  light,  order  of  Industrial  commission,  4G. 

Benches,  lighting  of,  37.  .  •*  * 

Buildings,  light  between,  36. 

Carbon  filament  incandescent  lamp,  10, 

Ceilings  and  walls  whitened,  percentage  of  increase  of  light,  44. 

Conduit,  metal,  28. 

Cord,  Packinghouse  No.  18,  28. 

Darkness,  causes,  accidents,  7, 
Deaths  by  months,  chart  of,  7. 

Departments,  ceilings  9  to  11  ft.  no  gas  or  smoke,  32. 
Departments,  ceilings  11  to  16  ft.  no  gas  or  smoke,  32. 
Drafting  tables,  lighting  of,  38. 
Driveways*  36. 

Economy  of  light,  6. 

Bshleman,  C.  L.,  6. 

Bxit  lantern,  fire  escape,  48. 

Fine  work,  orders  of  Industrial  commission,  48. 
Sire  escape,  exit  lantern,  cut  of,  48. 
Flaming  arc  lamps,  11  and  12. 
Foreword,  1. 
Forge'  shops,  34. 
Foundries,  34. 

Foundries,  lamps  reewimended,  12. 

QtmoHf  fames*  vapor  proof  lamp  for,  29. 
Genoal  lUnminatlon,  24. 

Imandescent  lan^t  metallised  carbon  filament,  16. 
Incandescent  lamp,  new  type  of,  wattage  and  coet,  12. 

Incandescent  lamps,  11. 

Individual  lighting,  24. 

Industrial  commission,  orders  on  shop  lighting,  24,  26,  46, 
Installation,  cost  of  different  types,  conduit  and  open,  29. 
Installation,  suggestions  for,  28- 
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Lamp  fixtures,  cuts  of,  42,  48. 

Lamp,  incandescent,  11. 

Lamp,  incandescent,  new  type  of»  wattage  and  coct,  12. 

Lamp,  vapor  proof,  29. 
Lamps,  flaming  arc,  11,  12. 
Lamps,  luminous  arc,  11. 
Lamps,  single  unit,  12. 
Lamps,  types  of,  11. 

Light,  amount  of,  experience  of  manufacturers,  48,  49. 
Light  for  various  departments,  amount  of,  24. 
light,  natural,  44. 
lighting,  individual,  24. 
Lighting,  of  stairways,  34. 
Luminous  arc  lamps,  11. 

Machines,  individual  lighting,  36. 

Maintenance  of  tungsten  lamps,  11. 

Metal  conduit.  28. 

Metallized  carhon  filament  incandescent  lamp,  10. 

Natural  liglit,  order  of  Industrial  commission,  46. 
New  type  of  incandescent  lamp,  wattage  and  cost,  12. 

Orders  of  Industrial  commission,  roadways,  48. 

Orders  of  Industrial  commission,  warehouses,  46. 
Orders  of  Industrial  commission,  yards,  48. 
Orders  on  shop  lig'-ting.  24,  2(»,  4(]. 
Output  increased  by  good  light,  G. 

Packinghouse  cord.  No..  18,  28. 

Passageways,  30. 

Pfister  and  Vogel  Leather  company,  1,  2. 
Platforms,  34, 

Reflectors.  18. 

Reflectors,  angular,  12. 

Reflectors,  braclsets  for,  22. 

Reflectors,  commercial  and  industrial.  18. 

Reflectors,  cuts  of,  39,  40,  41,  42,  43. 

Reflectors,  for  foundries  and  forge  shops,  20. 

Reflectors,  for  machines  and  bendies,  20.. 

Reflectors,  for  ordinary  shop  rooms,  20. 

Reflectors,  material,  white  porcelain  enameled  steel,  18. 

Reflectors,  proper  design,  increase  In  efficiency,  40. 

Roadways,  orders  of  Industrial  commission,  48. 

Schwarze,  Fred,  1. 

Single  unit  lamps,  12. 

Stairways,  lighting  of.  34. 

Standards  for  various  departments,  81. 

Sunsliine.  cloudiness  and  darkness,  distribution  of,  7. 

Switch,  boxes,  metal,  fireproof,  28.. 

Switch,  snap,  cut  of,  38. 

Switches,  snap,  28,  29. 

Tables,  drafting,  lighting  of,  38. 
Tungsten  lamps,  11  to  16. 
Tungsten  lamps,  clusters  of.  12. 
Tungsten  lamps,  color,  14. 
Tungsten  lamps,  economy,  12. 
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Tungsten  lamps,  large  units,  economy  of,  16. 
Tungsten  lamps,  maintenance  of,  11- 
Tungsten  lamps,  rated  life,  12. 

Tungsten  lamps,  shock  absorber  used  where  there  is  vibration,  14. 
Tungsten  lamps,  wattage,  life,  cost,  15. 

Vapor  proof  lamp,  29. 

Vapor  proof  lamp,  cut  of,  43. 

Warehouses,  orders  of  Industrial  commission,  40. 
Whitewashing,  ceilings  and  walls,  44. 

Yards,  36. 

Yanis,  orders  of  Industrial  commission,  48. 


